Purpose: The aim of this study was to investigate the differences in sperm morphology and motility in patients with different sperm counts, and to search the influence of sperm morphology over sperm motility.
Introduction
Sperm count, as well as semen quality, plays a major role in the management of infertile couple and the success of treatment. Although sperm count is in normal limits, the same may not be true for the semen quality. Sperm morphology, besides motile sperm count, is a major component of sperm analysis and has been considered as a good indicator of semen quality [1] . A high rate of morphologic abnormality in the ejaculate has been correlated with lowered fertility [2] [3] [4] [5] [6] . The morphology and motility may be related to sperm survival and ability to fertilize the ovum [7, 8] . We hypothesized that the morphology and motility of spermatozoa in semen analysis are interrelated with each other and with total sperm count in the ejaculate. In this study, we aimed to investigate the alterations in sperm morphology and motility in patients with different sperm counts, and to search the influence of sperm morphology over sperm motility.
Materials and methods
Semen analysis of male partners of couples admitted for the infertility was evaluated. We evaluated a total of 1174 semen analysis of patients admitted to Infertility unit of Denizli State Hospital, Denizli, Turkey. Immediately after collection, the sperm quality of each ejaculate (volume, sperm concentration, sperm motility, and normal morphology) was microscopically evaluated by standard laboratory techniques. The ejaculates were placed in an incubator at 37 °C during analysis of seminal parameters. Sperm concentration in each ejaculate was determined by "Makler counting chamber" (Irvine Scientific, Santa Ana, CA, USA) using OLYMPUS Bx51phase contrast microscopy (x200) (OLYMPUS life science Europa GMBH, Hamburg, Germany). For the accuracy of the testing, two samplings were carried out from each case. Four places with 10 square were counted (totally 40 squares). Progressive individual motility scores were subjectively assessed. Sperm motility was classified as nonmotile, nonprogressively motile, and progressively motile according to type of motility. Coefficiency of variation was detected less than 5%. In low sperm counts, 100 squares were counted.
Morphologic evaluation was performed via Diff Quick staining (Reastain Quick-Diff Kit ® , Reagena International Oy Ltd, Toivala, Finland) under a magnification of x1000 with immersion oil. Classification was performed according to Tygerberg Kruger criteria [9] . Three groups were formed according to total sperm count per milliliter (mL); patients in group I had <5x10 6 sperms/mL, group II had 5-15x10 6 /mL, and group III ≥15x10 6 /mL, total sperm count. The groups were compared for the percentage of motility, Kruger morphology and the distribution of sperm abnormalities.
Statistical analysis was performed using statistical package for social sciences (SPSS 10.0, Chicago, IL) software. Continuous variables were expressed as mean ± standard deviation (SD Table 1 . There was no difference for head and midpiece abnormality among groups. However, a significant difference was detected between each group for the progressive sperm motility (p<0.01). While there was no difference for the nonprogressive motility and nonmotile sperm percentile between groups I and II, a significant difference was observed between groups II and III, and groups I and III (p<0.01). In group I, there was no spermiogram with normal morphology above 4% according to Kruger criteria. On the other hand, normal morphology above 4% was achieved in 7.1% of group II and 17.5% of group III (p<0.01). Regarding the normal morphology and tail defects, significant difference was detected only between groups II-III and groups I-III (p<0.01). Progressive sperm motility significantly correlated with normal morphology (r=0.38, p<0.001). A negative correlation was detected between nonmotile sperm count and normal morphology (r=-373, p<0.001). Among morphologic abnormalities, tail problems were highly correlated with nonmotile sperm count (r=0.30, p<0.001). Although there was a positive relation between midpiece and tail defects (r=0.24, p<0.001), there was a negative correlation between head and tail defects (r=-0.71, p<0.001). For the percentage of normal morphology, no correlation was detected with head problems, however there was a negative relation with tail and midpiece defects (r=-0.20, p<0.001 and r=-0.30, p<0.001 respectively).
Discussion
In the present study, semen analysis of 1174 patients were evaluated for motility and morphology. Sperm parameters have been correlated with success in intrauterine insemination and in vitro fertilization procedures. Sperm morphology is one of the best indicators of male infertility [10] . The main problem with the use of morphology is the subjective nature of this parameter. In this study, we used Tygerberg "strict" criteria (Kruger criteria), most commonly used classification system, to classify sperm morphology [9, 11] . In metaanalysis of studies for predictive value of normal sperm morphology in intrauterine insemination, a significant improvement in pregnancy rate was shown above 4% according to strict criteria [12] . In our study, we did not detect any spermiogram above this cut off in patient with sperm counts <5x10 6 sperms/mL. Progressive sperm motility was also significantly lower in this group compared to others. The current data concur with the previous studies indicating questionable IUI success in patients with sperm counts less than 5x10 6 sperm/mL. This group of patients formed the 9.5% of our infertile population. In previous studies, the cutoff value above which IUI seems to be more successful, varies between 0.25-5x10 6 sperms/ mL [13] [14] [15] . Ombelet et al emphasized the importance of morphology especially in cases with inseminating sperm counts below 1x10 6 /mL and the authors implied low success rates in this group of patients [12] . Different from our study, they used inseminating sperm counts in their study. In all of sperm parameters, it was shown that progressive sperm motility and normal Kruger morphology were higher in patients with higher total sperm count per mL [12] . Sperms with abnormal morphology were shown to be less motile. In this study, sperm values less than 15 million per mL was seem to be critical for the strict morphology and further, we detected no cases with normal morphology above 4% in cases with sperm counts below 5x10 6 per mL. Therefore, patients with sperm counts less than 5x10 6 per mL form the poor prognosis group for the IUI, and can be directed to reproductive technologies directly to be assisted. Aydos et al detected deterioration of sperm morphology in all parts including tail, midpiece and head with suppressed sperm counts [16] . On the contrary, we only detected relation with tail abnormalities. We did not detect any difference between groups for head and midpiece abnormality. Therefore, tail abnormalities seem to be more determining factor in low sperm counts.
The major limitation of this study was the use of direct semen analysis. The same study may be performed after sperm washing and it may give more precise results. However, this study is important to highlight the importance of first step semen analysis in evaluation of couples.
In conclusion, both sperm motility and morphology are further deteriorated with the decreasing sperm count in subfertile population. The chance of finding normal morphology above the critical value of 4% diminishes in cases with sperm counts less than 5x10 6 /mL. Therefore, it is logical to canalize these patients directly to assisted reproductive technologies.
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